This paper compares five commercially available DNA extraction methods with respect to DNA extraction efficiency of Salmonella enterica serovar Enteritidis from soil, manure, and compost and uses an Escherichia coli strain harboring a plasmid expressing green fluorescent protein as a general internal procedural control. Inclusion of this general internal procedural control permitted more accurate quantification of extraction and amplification of S. enterica serovar Enteritidis in these samples and reduced the possibility of false negatives. With this protocol it was found that the optimal extraction method differed for soil (Mobio soil DNA extraction kit), manure (Bio101 soil DNA extraction kit), and compost (Mobio fecal DNA extraction kit). With each method, as little as 1.2 ؋ 10 3 to 1.8 ؋ 10 3 CFU of added serovar Enteritidis per 100 mg of substrate could be detected by direct DNA extraction and subsequent S. enterica-specific TaqMan PCR. After bacterial enrichment, as little as 1 CFU/100 mg of original substrate was detected. Finally, the study presents a more accurate molecular analysis for quantification of serovar Enteritidis initially present in soil or manure using DNA extraction and TaqMan PCR.
Environmental substrates like manure and soil have become a major concern with respect to food safety, since these substrates are suspected to play a major role in the introduction of human pathogens in the food chain (23, 29, 34) . For example, salmonellae are frequently found in association with animal manure (11, 18, 23, 24) , which is often applied as fertilizer to soil prior to vegetable production, thereby introducing a potential risk of contamination of vegetables grown in the manure-amended soil. This threat is evident from the fact that during recent years, the consumption of raw vegetables has been related to food-borne outbreaks (4, 7, 9, 14, 20, 21, 27) . For example, each year 3.5 million cases of salmonellosis occur in the United States and Canada, leading to economic losses of up to 3.4 billion dollars a year (32) . Therefore, the detection and quantification of pathogens like Salmonella enterica that are present in environmental substrates like soil, manure, and compost are of high importance. It will enable risk assessment and pathogen monitoring at different stages in the plant production chain and ensure food health and safety in the food industry.
Standardized diagnostic procedures to detect the presence of S. enterica in food samples (ISO 6579:2002) are mainly based on microbiological culturing methods, which in general require up to 5 days until results are obtained (30) . In order to reduce the time demand, alternative techniques like immunological assays (1, 6 ) and molecular methods (5, 8, 12 ) have been applied to detect S. enterica in various samples. Especially real-time PCR methods, such as 5Ј nuclease TaqMan PCR (15) , have shown promising results due to the rapid, sensitive, and specific detection of S. enterica (3, 13, 16, 17) .
However, molecular methods like (TaqMan) PCR are limited by the fact that they are dependent on the suitability of the extracted DNA for PCR (36) . DNA extracted from soil, manure, or compost, in particular, can have coextracted contaminants, like humic and fulvic acids, known to cause problems during PCR amplification (2, 10) . Other components besides humic and fulvic acids that are also commonly present in soil have been related to PCR inhibition (35) . Moreover, the large variation in biochemical components between different substrates (2, 36) usually leads to variable efficiencies of DNA extraction methods (19, 31) . Due to these deficiencies, the accurate quantification of pathogens present in different environmental substrates has not yet been accomplished using molecular techniques such as PCR.
To control the effects of inhibiting agents on PCR amplification efficiency, TaqMan PCR was improved recently by the introduction of a general internal amplification control to prevent the occurrence of false-negative results (16, 17, 26) . Although this improvement provided progress in the analysis of extracted DNA from environmental substrates, a comparison between the DNA extraction efficiencies of different DNA extraction methods has been described only to a minor extent. Zhou et al. (37) investigated DNA recovery from different soils, but only one DNA extraction method was used. Another paper described a comparison of three different DNA extraction methods, evaluating the quality and quantity of DNA recovered from four soils with widely differing characteristics but not from manure or compost (19) .
The objectives of this study were to evaluate five commercial DNA extraction methods with respect to DNA extraction efficiency from soil, manure, and compost. In addition, the development and application of a general internal procedural control was investigated with respect to the efficiency of the DNA extraction and TaqMan PCR amplification procedure. Moreover, the possibility of a more accurate quantification of S. enterica serovar Enteritidis from different substrates by using a general internal procedural control (GIPC) was evaluated.
MATERIALS AND METHODS
Bacterial strains and environmental substrates. A liquid culture of S. enterica serovar Enteritidis ATCC 13076, grown overnight at 30°C in tryptic soy broth, was kindly provided by H. Aarts (RIKILT, Wageningen, The Netherlands). A bacterial culture of the genetically modified Escherichia coli strain 99507gfp, containing plasmid pVSP61TIR (22) carrying the green fluorescent protein gene (gfp) (25) , was kindly provided on solid LB medium by R. Sayler (28) . Each E. coli strain 99507gfp CFU contains approximately 30 plasmids with a coding sequence for GFP expression. A subculture of E. coli strain 99507gfp was grown overnight at 37°C in liquid broth medium containing 50 g/ml ampicillin. The bacterial suspension was diluted in 50% glycerol, divided into aliquots, and stored at Ϫ80°C for further use.
Soil samples (S4O, S4C, S5O, S5C, S7O, S7C, S9O, and S9C), manure samples (M1, M2, M3, M4, M5, and M6), and compost samples (CA and CB) were obtained from A. van Diepeningen (Wageningen University and Research Centre, Biological Farming Systems, Wageningen, The Netherlands), who characterized and described the soil and manure samples extensively (11, 33) . The selection of environmental samples was primarily based on a wide difference in microbial community and the presence of compounds that are suspected to inhibit or influence DNA extraction and/or PCR amplification. This was taken into account in order to cover the most common problems that arise with DNA extraction and amplification from environmental samples. Soils S4 and S9 were sandy soils with 3 to 3.5% clay, 10 to 33% silt, and 64 to 87% sand. Soils S5 and S7 were loamy soils with 8 to 11% clay, 40 to 55% silt, and 37 to 51% sand. Each soil was represented by two composite samples from neighboring organic (O) and conventional (C) farms. Manures were collected from individual Friesian Holstein cows with different diets (11) . Composts originated from green garden waste (sample CA) and green household waste (sample CB) and were obtained from two large composting facilities. Each type of substrate used in this study tested negative for naturally present S. enterica in a test with bacterial enrichment of each substrate type, followed by both plating on selective Hektoen enteric agar and DNA extraction and subsequent S. enterica-specific TaqMan PCR detection.
DNA extraction. The following commercial DNA extraction methods were used: Ultraclean soil DNA isolation kit (Mobio soil ) (MoBio Laboratories, Solana Beach, Calif.), Ultraclean fecal DNA kit (Mobio fecal ) (MoBio), Bio101 extraction kit (Bio101) (Q-Biogene, Carlsbad, Calif.), Soilmaster DNA extraction kit (Epi soil ) (Epicenter, Madison, Wis.), plant DNeasy DNA extraction kit (Qia dneasy ) (QIAGEN, Westburg, The Netherlands), and a combination of the microbial DNA extraction kit (Mobio micro ) (MoBio) with bacterial isolation using Optiprep (60% [wt/vol] solution of iodixanol; Axis-Shield, Oslo, Norway) at a density of 1.320 g/ml. All DNA extraction methods were performed following the manufacturers' instructions, including bead beating of the samples on a flatbed shaker at 250 rpm. To separate bacteria from soil using Optiprep, 400 l of buffered peptone water (BPW) was added to 100 mg of soil sample and mixed by vortexing. Subsequently, a layer of 250 l of Optiprep was pipetted underneath the soil suspension. The tubes were centrifuged at maximum speed (14,000 rpm) for 5 min. All supernatant on top of the Optiprep and the Optiprep solution itself were transferred to a clean tube. The suspension was mixed with 750 l of BPW and centrifuged again at maximum speed for 5 min. The supernatant was discarded prior to further DNA extraction with the Mobio micro method.
Primers and probes. Sequences of the primers and probe for detection of S. enterica using TaqMan PCR were derived from Hoorfar et al. (16) . To reduce false-negative results and provide a more accurate quantification of serovar Enteritidis in substrate samples, a GIPC was used. Detection of the GIPC was based on a gfp gene present in an E. coli strain harboring a multicopy plasmid containing the gfp gene. For detection of the gfp gene of the internal extraction and amplification control using TaqMan PCR, the sequences of the primers and probe were obtained from Klerks et al. (17) . To allow the simultaneous detection of both targets, the S. enterica-specific detection probe was labeled at the 5Ј end with 6-carboxyfluorescein, whereas the gfp gene-specific probe was labeled at the 5Ј end with Yakima Yellow (Eurogentec, Maastricht, The Netherlands). Both detection probes were labeled at the 3Ј end with Eclipse Dark Quencher (Eurogentec).
Preparation of bacterial dilution series and plate counting. A fresh liquid culture of Salmonella serovar Enteritidis ATCC 13076 was maintained by daily picking two colonies from selective Hektoen enteric agar (Biotec Laboratories Ltd., United Kingdom) and growing the colonies separately in BPW overnight at 37°C and 250 rpm.
A dilution series of serovar Enteritidis was prepared each time by diluting fresh liquid culture 10-fold, up to a dilution of 10 8 -fold (nine different dilutions in total and one negative control).
To determine the number of serovar Enteritidis CFU present in each dilution series, 40 l of each dilution was plated on selective xylose lysine deoxycholate agar (Biotec Laboratories Ltd., United Kingdom) and selective Hektoen enteric agar in duplicate. The selective plates were incubated overnight at 37°C, and the number of colonies was determined for each plate.
Development of an internal extraction and amplification control. As a procedural control, whole cells of E. coli strain 99507gfp were added to a substrate sample prior to DNA extraction and amplification. First, to determine the optimal amount of E. coli strain 99507gfp to be added to a sample prior to extraction, a 10-fold dilution series (up to 10 8 -fold) of a liquid culture of E. coli strain 99507gfp (previously stored at Ϫ80°C in 50% glycerol) was prepared in BPW. Ten microliters of the 10-fold dilution series and a negative control were added to soil S4O (100 mg of soil per sample) prior to DNA extraction using the Mobio soil method. The extracted DNA was diluted 10-fold before analysis by gfp-specific TaqMan PCR. The optimal amount of E. coli strain 99507gfp was defined by that dilution factor resulting in a cycle threshold (C T ) value close to 31.5 (17) . The C T value is defined by the number of cycles resulting in a detectable fluorescence signal above the threshold, defined by the mean plus four times the standard deviation (SD) of the fluorescence signal of the control samples.
The 10-fold dilution series (40 l of each dilution) was also plated onto LB agar containing 50 g/ml ampicillin and incubated at 37°C overnight. The number of colonies on each plate was counted, and the number of serovar Enteritidis CFU was calculated for each dilution of the dilution series added prior to DNA extraction.
Real-time PCR and internal control amplification. The improved real-time TaqMan PCR method to simultaneously detect S. enterica and an internal amplification control (IAC) (17) were used throughout all experiments. Prior to DNA extraction, E. coli strain 99507gfp (2.5 ϫ 10 4 CFU) was added to each substrate sample. Subsequent to DNA extraction, 2.5 l of a 10-fold-diluted extracted DNA sample was used for PCR amplification (total volume of PCR mixture, 30 l), as previously described (17) . TaqMan PCR was performed using a quantitative PCR core kit (Eurogentec), and amplification was measured using the ABI Prism 7700 (Perkin Elmer, Norwalk, CT). Each DNA sample was tested by TaqMan PCR in triplicate.
Comparison of different DNA extraction methods with respect to extraction efficiency. To determine the most favorable method to use for DNA extraction from soil, manure, or compost, the different methods were compared with respect to extraction efficiency. The extraction methods Mobio soil , Epi soil , Qia dneasy , Bio101, and Mobio micro (with prior Optiprep treatment) were compared using a subset of soils (soils S4O, S5O, and S9O), since most extraction difficulties were expected for organically managed soils. The methods Mobio soil , Mobio fecal , Epi soil , Qia dneasy , and Bio101 were compared using a subset of manures (M1, M2, and M3) and one compost (CA). The DNA extraction efficiency was defined by the C T values obtained with TaqMan PCR, which indicated the suitability of the extracted DNA for PCR amplification.
First, 10 l of a dilution series (the nondiluted sample and dilutions of 10-, 100-, and 1,000-fold) of serovar Enteritidis liquid culture was added to 100 mg of soils S4O, S5O, and S9O; manures M1, M2, and M3; and compost CA, in duplicate. Subsequently, DNA was extracted using the different DNA extraction methods and diluted 10-fold prior to downstream analyses.
Finally, each diluted DNA sample was subjected to TaqMan PCR including an IAC (10 fg of E. coli strain 99507gfp DNA) (17) . The simultaneous S. enterica amplification and IAC coamplification (in one tube) were followed in real time using the ABI Prism 7700.
Consistency of the internal procedural control with different substrates. To evaluate whether the previously (see section above) determined optimal amount of E. coli strain 99507gfp (2.5 ϫ 10 4 CFU, resulting in a C T value of 31.5) showed consistent results in TaqMan PCR, the amount was tested with all soils, manures, and composts present. From each substrate 100 mg was used for sample preparation and DNA extraction. To each sample of soil, manure, and compost, 2.5 ϫ 10 4 CFU of E. coli strain 99507gfp was added, and DNA was extracted using the Mobio soil , the Bio101, and the Mobio fecal method, respectively, for soil, manure, and compost samples. After DNA extraction all purified DNA samples were diluted 10-fold, and 2.5 l of each diluted sample was tested using the gfp-specific TaqMan PCR. Evaluation of quantitative detection of S. enterica extracted from soil, manure, or compost. First, the precision of DNA extraction and the extraction efficiency (defined by the recovery of added serovar Enteritidis based on the C T values obtained from PCR) of the optimal extraction methods (for soil, Mobio soil ; for manure, Bio101; and for compost, Mobio fecal ) were tested in a large-scale evaluation. To accomplish this, the substrates were divided into separate groups, since DNA extraction and further analysis from only one group per day appeared feasible. Group 1 consisted of soils S4O, S4C, S5O, and S5C; group 2 consisted of soils S7O, S7C, S9O, and S9C; group 3 consisted of manures M1, M2, M3, and M4; and group 4 consisted of manures M5 and M6, compost CA, and compost CB. Each group was treated in a similar manner using fresh bacterial cultures each day.
A 10-fold dilution series of serovar Enteritidis was prepared. In duplicate, 40 l of each of the five largest dilutions (10 5 -, 10 6 -, 10 7 -, and 10 8 -fold and the negative control) was plated on selective xylose lysine deoxycholate agar and Hektoen enteric agar and incubated at 37°C overnight prior to colony counting. In addition to plating, 10 l of each dilution was added to 10-ml tubes containing 100 mg of substrate. BPW (2 ml) was added to each tube and incubated overnight at 37°C and 250 rpm. To extract DNA from enrichment samples, 1 ml of the enrichment culture was transferred to a clean tube, and 10 l of GIPC (2.5 ϫ 10 6 CFU of E. coli strain 99507gfp/ml) was added. DNA was extracted using the Mobio micro DNA extraction method, diluted 10-fold, and stored at Ϫ20°C.
Then, 10 l of each serovar Enteritidis dilution was added to 100 mg of each substrate, followed by the addition of 10 l of 2.5 ϫ 10 6 CFU/ml GIPC to each substrate sample. DNA was extracted from the soil, manure, and compost samples using, respectively, the Mobio soil , the Bio101, and the Mobio fecal method. The purified DNA was diluted 10-fold and stored at Ϫ20°C. All stored DNA samples were finally analyzed by performing TaqMan PCR to detect serovar Enteritidis and the GIPC simultaneously, in triplicate.
Statistical analysis. The most efficient method to use for DNA extraction per soil, manure, or compost was determined based on the extraction efficiency, i.e., the C T value (the number of cycles resulting in a detectable fluorescence signal above the threshold, defined by the mean plus four times the SD of the fluorescence signal of the control samples) obtained from TaqMan PCR. The methods were compared by performing a univariate analysis of variance (ANOVA). The mean C T values were calculated from the different substrates per substrate type and per dilution factor, and a post hoc Tukey's test with a 95% mean confidence interval was performed.
The applicability of using a set number (2.5 ϫ 10 4 CFU) of whole cells of E. coli strain 99507gfp (GIPC) to control DNA extraction and amplification was determined per substrate (eight soils, six manures, and two composts, in triplicate) by calculating the mean C T value and its corresponding precision, i.e., the SD. The GIPC was considered applicable if the obtained mean C T value was 31.5 Ϯ 1.
The selected methods were evaluated for their precision and extraction efficiency of GIPC DNA from different soils, manures, or composts that had been amended with a dilution series of serovar Enteritidis and the GIPC. ANOVA was performed on the C T values of the GIPC from the samples that were not positive for serovar Enteritidis when TaqMan PCR (five per substrate, tested in triplicate with PCR) was used. The mean C T values of the GIPC from the different substrates per substrate type were compared by performing a post hoc Tukey's test. The extraction precision of each DNA extraction method was estimated as the coefficient of determination for linear regression of the mean C T values versus the log(number of serovar Enteritidis CFU/100 mg of substrate) per substrate.
The effect of time of sampling (four sampling days) was assessed by multivariate ANOVA including a post hoc Tukey's test. As there were no significant differences among extraction dates for the different substrates, a regression line of all C T values versus CFU per 100 mg of soil, manure, or compost was calculated for each substrate, including 95% confidence intervals.
RESULTS
Comparison of methods to extract DNA from soil, manure, or compost. The efficiency of DNA extraction from the different soils was optimal if the Mobio micro method was used (mean C T value of 28.8) ( Table 1) . Except for the Mobio micro method, the DNA extraction efficiency of each of the five methods was very low for soil S9O (high C T values) ( Table 1) . After this soil was omitted from the statistical analysis, the Mobio micro method was not significantly different from the Mobio soil (P ϭ 0.962) and the Epi soil (P ϭ 0.087) methods, but the latter two methods were significantly different from each other (P ϭ 0.016). Omitting soil S9O and the Mobio micro method from the analysis, the Mobio soil method was most efficient for subsequent PCR amplification (Table 1 , adjusted mean C T value of 28.4).
The Bio 101 method (mean C T value of 25.58) resulted in the optimal DNA extraction efficiency for each manure. Each method tested appeared significantly different with respect to DNA extraction efficiency, irrespective of the manure tested (Table 1) .
DNA extraction from compost samples appeared most efficient using the Mobio fecal method (mean C T value of 28.63), although no significant difference (P ϭ 0.863) between the Mobio soil method and the Mobio fecal method was found (Table  1) . However, a clear significant difference was observed between these two methods and the other methods, with a mean C T value of 36.33 for the Epi soil method and a C T value of 40 (no PCR amplification) for the Bio101 method or the Qia dneasy method (Table 1) .
GIPC for DNA extraction and amplification. When 5 ϫ 10 4 CFU or 5 ϫ 10 3 CFU of the GIPC (E. coli strain 99507gfp) was added to 100 mg of substrate prior to DNA extraction, PCR amplification resulted in a C T value of 30 or 33, respectively (Fig. 1) . The optimal amount resulting in a C T value of 31.5 (17) was obtained by adding 2.5 ϫ 10 4 CFU of GIPC to 100 mg of each substrate prior to DNA extraction. The C T values for Evaluation of the selected S. enterica detection procedure from soil samples. DNA was extracted from 100 mg of soil (using Mobio soil ) including the GIPC (2.5 ϫ 10 4 CFU/DNA extraction) and a dilution series of serovar Enteritidis. GIPC DNA extracted from eight different soils was similar for all soils (P ϭ 0.056) except for S4O. The mean GIPC C T value of the subset of seven soils was 31.48 Ϯ 0.94, while that of S4O was 29.21 Ϯ 0.93 (Table 2) .
Salmonella serovar Enteritidis extracted directly from 100 mg of soil was detected by TaqMan PCR at a range from 1.6 ϫ 10 7 down to 1.6 ϫ 10 3 CFU/100 mg soil (equal to 7.8 CFU/ PCR) ( Table 3 ). After enrichment of the soil samples inoculated with serovar Enteritidis, serovar Enteritidis was detected even when only 1 CFU (calculated amount) was originally added to 100 mg of soil (Table 3) .
Evaluation of the selected S. enterica detection procedure from manure samples. The amount of GIPC DNA extracted from six manures using Bio101 was quite consistent for a subset of those manures (M1, M3, M4, and M6), with a mean C T value of 28.98 and an SD of 0.62 (P ϭ 0.805). The mean C T values of this subset differed significantly (P ϭ 0.001 to 0.026) from those of M2 and M5, with mean C T values of 31.64 Ϯ 1.08 and 33.85 Ϯ 2.05, respectively (Table 2) .
Serovar Enteritidis was detected by TaqMan PCR at a range from 1.8 ϫ 10 7 down to 1.8 ϫ 10 3 CFU/100 mg of manure a The GIPC was added at a concentration of 2.5 ϫ 10 4 CFU/100 mg of substrate prior to DNA extraction. DNA from the soil samples was extracted using the Mobio soil method, and DNA from the manure samples was extracted with the Bio101 method.
b The total number of samples where no serovar Enteritidis (negative controls and samples below detection limit) was detected by TaqMan PCR.
c Mean C T value obtained from TaqMan PCR for the GIPC. The subgroups (A, B, and C) calculated from the C T values of the GIPC using Tukey's test are indicated. The mean C T value of the soils, excluding S4O, was 31.48 Ϯ 0.94. With soil S4O, too much (10-fold) GIPC was added to the sample prior to DNA extraction, resulting in a C T value significantly lower than that of the other soils. The mean C T value of a subset of manures (M1, M3, M4, and M6) was 28.98 Ϯ 0.63.
(equal to 9.2 CFU/PCR) when extracted directly from manure ( Table 3) . Detection of Salmonella DNA extracted from manure M2 was not possible. Manure M5 was positive for serovar Enteritidis only when large amounts (10 6 to 10 7 CFU) of serovar Enteritidis cells were added to 100 mg of substrate prior to DNA extraction (Table 3) . Enrichment of manures inoculated with serovar Enteritidis enabled the detection of even 1 CFU of serovar Enteritidis originally added per 100 mg of each manure (Table 3) .
Evaluation of the selected S. enterica detection procedure from compost samples. GIPC DNA extraction from compost with Mobio fecal resulted in significantly different (P ϭ 0.03) C T values for compost CA and CB, with mean C T values of 32.88 Ϯ 1.84 and 31.41 Ϯ 0.78, respectively. Serovar Enteritidis extracted from compost CB was detected by TaqMan PCR in a range of 1.2 ϫ 10 7 CFU down to 1.2 ϫ 10 3 CFU/100 mg of compost (equal to 6.2 CFU/PCR) ( Table 2 ). DNA extraction from compost CA was less efficient than that from CB ( Table  3) . Enrichment of serovar Enteritidis inoculated in the compost samples enabled the detection of even 1 CFU originally added to 100 mg of both compost samples (Table 3) .
Quantification of serovar Enteritidis present in various environmental substrates. Regression of S. enterica C T values on the log(amount of target CFU) for each soil, manure, and compost separately resulted in a good fit for the Salmonella dilution series tested (R 2 ϭ 0.90 to 0.99), except for manures M2 and M5 (no regression analysis possible) and compost CA (R 2 value of 0.87). Slope and intercept of the regression lines for soil samples analyzed on four subsequent days (groups 1 to 4) were not significantly different in a multivariate ANOVA test (P ϭ 0.863 and P ϭ 0.624 for slope and intercept, respectively). These results were confirmed by a post hoc Tukey's test on the slope (P ϭ 0.832) and intercept (P ϭ 0.582) for each group. Similar slopes and intercepts were found when dilution series of serovar Enteritidis with three different soils, S4O, S5C, and S9O, were tested simultaneously in 1 day (data not shown).
Subsequently, a regression line was estimated for all data per substrate (soil or manure), and 95% confidence intervals were calculated. The regression equations for soil (intercept ϭ 42.571 Ϯ 1.17; slope ϭ Ϫ2.896 Ϯ 0.264; R 2 ϭ 0.841) and manure (intercept ϭ 42.756 Ϯ 1.199; slope ϭ Ϫ3.608 Ϯ 0.277; R 2 ϭ 0.923) were not significantly different (Fig. 2) . The variation in C T values around the means (within the 95% confidence limits) ranged from 1.43 to 2.75 (equal to 2.70 to 6.73 times the difference in initial number of CFU/100 mg of soil) for the different concentrations of serovar Enteritidis added to soil ( Fig. 2A) . For manure, the variations in C T values around the means were remarkably similar to those of soil, namely, 1.48 to 2.86 (equal to 2.78 to 7.25 times the difference in initial number of CFU/100 mg of manure) for the different concentrations of serovar Enteritidis added to manure (Fig. 2B) .
DISCUSSION
Until now, many different DNA extraction methods allowing subsequent PCR have been described. However, only a few papers describe a comparison of commercial DNA extraction methods with respect to extraction efficiency from soil, manure, or compost. Zhou et al. (37) described the development of a method to extract DNA from soil and evaluated the DNA recovery from eight soils with diverse composition using only this method. Lloyd-Jones and Hunter (19) compared three different DNA extraction methods with respect to DNA recovery from four soils with different composition.
In this study, six commercial DNA extraction methods were compared with respect to DNA extraction efficiency and quantification accuracy of serovar Enteritidis initially present in the substrate sample. Mobio soil , Bio101, and Mobio fecal were found to be most efficient for DNA extraction from, respec- Some substrates (such as soil S9O and manures M2 and M5) did not allow the detection of serovar Enteritidis to the same extent as the other substrates tested, irrespective of the DNA extraction method used. It is likely that either little DNA was amplified from the extracted DNA from these substrates or the substrates gave a strong inhibition of DNA extraction and amplification. Both manures M2 and M5 were derived from cattle fed with low-digestible grass silage, resulting in manure of high dry matter. As the feed of cattle has a direct influence on the composition of their manure, the inhibiting components might have originated from the preserved grass. Also, due to the high dry-matter content of these manures (11) , it is likely that per 100 mg of manure a higher concentration of inhibiting agents is included in the DNA extract, leading to a reduction in extracted DNA yield and/or leading to inhibited amplification. Unfortunately, the chemical and/or organic components present in manures M2 and M5, which were responsible for the reduction in DNA extraction efficiency, could not be identified by gas chromatography with mass spectrometry. The inhibiting components should be identified to allow the development of more generic DNA extraction methods for extraction of DNA from complex substrates. Nevertheless, from these data it is evident that in some cases alternative approaches for DNA extraction are required to prevent poor DNA recovery or the presence of coextracted amplification inhibitors. Recognition of the exceptions that lead to insufficient DNA extraction efficiency was previously not possible without extensively studying the efficiency. This major drawback is now countered by application of the GIPC with the substrate prior to DNA extraction.
Despite the clear differences among test kits in extraction efficiency, testing of DNA extraction from substrates inoculated with a serovar Enteritidis suspension does not completely reflect real environmental samples containing naturally present S. enterica. In fact, naturally present S. enterica might be aggregated on or between substrate particles, which could make the extraction of DNA from all cells present even more complicated. The extent to which spatial distribution affects the S. enterica DNA extraction efficiency has not been evaluated. Nevertheless, based on the rigorous lysis and homogenization during the DNA extraction procedures, it is expected to have only a minor influence on the recovery of Salmonella serovar Enteritidis DNA present in the tested substrates.
Direct evaluation of the efficiency of the complete DNA extraction and amplification procedure was enabled by implementation of a GIPC. This improvement enabled the identification of false-negative results introduced by procedural failures or mistakes. A major advantage of the developed GIPC is the fact that it is absent in natural environments (except in the cnidarian jellyfish Aequorea victoria), since its detection is based on the gfp gene of the GIPC. Therefore, independent of the substrate tested, the gfp gene can be detected simultaneously with the target (in our case serovar Enteritidis) after DNA extraction using TaqMan PCR. This is an advantage over other previously published approaches, which use housekeeping genes to control the DNA extraction and amplification efficiency. The use of such housekeeping genes is not sufficient, since the exact initial amount of control material (DNA) is not known, thus allowing only qualitative validation of a sample tested. Moreover, these controls are applicable only if the corresponding housekeeping genes are indeed present in the environmental sample (plant or animal cells) tested. Finally, the amount of housekeeping genes often exceeds the amount of target DNA, resulting in a competitive PCR amplification strongly affecting the sensitivity, precision, and accuracy of the assay. The coamplification of a different target will in each case affect the sensitivity of the primary target amplification. To reduce any influence of coamplification, the amount of GIPC is limited to a set level to ensure that the target DNA is always present in excess. Thus, the amplification of the target is influenced only at a very minor level (17) .
In general, a more accurate quantification of S. enterica (or any other pathogen) from soil, manure, or compost can be obtained using the GIPC. By doing so, the presence of inhibitory factors is first determined by calculating the mean and SD of the GIPC C T values. Samples that present a statistically different C T value (of GIPC) than the water controls and the negative substrate control samples are not valid for quantification. From all other samples the amount of target CFU can then be calculated.
Applying this approach allowed a more accurate quantification of the target initially present in the substrate tested using a dilution series of serovar Enteritidis added to soil and manure. However, these data also indicated that the applied molecular approach (DNA extraction followed by TaqMan PCR) still leads to quantification errors in detecting an organism like S. enterica in environmental substrates. Until a (nearly) perfect quantification of organisms (or a specific DNA target from environmental substrates) is feasible using molecular techniques, the approach described in this paper might provide a more accurate quantification of target organisms or DNA than other currently used molecular quantification methods. Finally, the method presented in this paper might be a good addition to the standardized methods for identification and detection of S. enterica in environmental substrates, especially since preenrichment of samples is currently still obligatory to enable the detection of even 1 CFU of S. enterica in 25 g of substrate.
In conclusion, the optimized procedure provides an improved, sensitive, and precise method, eliminating a false-negative diagnosis by the introduction of a GIPC. The approach of adding a fixed amount of GIPC prior to DNA extraction provides an efficient and reliable way for evaluating and validating DNA extraction and amplification of each individual sample in one tube, independent of the substrate tested. The method is applicable for high-throughput analysis and routine diagnosis and allows a more accurate quantification of S. enterica present in soil, manure, or compost. 
